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(57) Abstract: The inventive method relates to die application of metallic coatings on surfaces of articles and can be used for 
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The inventive method consists in pre-heating compressed air to a temperature of 400 °C-700 °C, forming a high-speed airflow in 
a supersonic nozzle, accelerating up and applying powder material on the surface of article. Said powder material is embodied in 
the form of a mechanical mixture of metallic powders of at least two metals one of which is a zinc powder corresponding to 20- 
60 % of the total weight of the metallic powder. The zinc and compressed air heated to a specified temperature assure high 
performance of the method and make it possible to produce coatings exhibiting a low gas permeability and a high adhesion to a 
bottom layer. 
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(57)Fe$ep«T: 

Cnoco6 npeflHa3Ha«ieH ana nojryqeHiw MerajunraecKHx noxpmufi Ha no- 

BCpXHOCTH H3flejIHfi, B HaCTHOCTH npH H3rOTOBJieHHH H peMOHTe TOUCJIHH, Tpe- 

6yiomHx repMenwHocTH, noBumeHHofi kopjxwhohhoh ctohxocth, Hcapoc-rofi- 
kocth h apyrm xanecrB. Cnoco6 BxraoHaer b ce6a npeflBapHrcjibinaH HarpeB 
cacaroro B03,^yxa ao TeMnepaiypu 400 - 700°C, <popMHpoBaHHe b cBepx3Byxo- 
bom conjie BMCOKOCKopocrHoro B03flyuiHoro noroxa, ycxopeHHe 3thm noroxoM 
h HaHeceHHe Ha noBepxHocri* H3flejnw nopomxoBoro MarcpHana, npeacTaB- 
junoinero co6ofi Mexarowecxyio cmccb xepaMmecxoro MCTajunmecxoro no- 
pomxoB, npHneM b xanecTBe MerajuiHHecxoro nopomxa Hcnojnayior CMecb no- 
poraxoB, no xpaftHefi Mepe, flByx MerajuiOB, ooth to xoropux nopomox innnca 
b KOJiHHecxBe 20-60% or o6mero Beca Merajunroecxoro nopomxa. HanmHe b 
nopomxoBOM Marepnajie mraxa h HarpeB cacaroro B03flyxa no yxasaHHoR tcm- 
neparypu o6ecne«niBaKyr nojiyqemie c bwcoxoh npOH3BojmTCjn>HOCTbK> no- 
xpuTHft, o6jiaAaK>mHx htokoh raonpOHHuaeMocruo r bmcoxoh npoHHOCTwo 
cuennerow c noonoaexofi. 
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cnocoE nojiyqEHHH iiokplithh 

5 H3o6peTeHHe othochtoi k TexHOJiorim nojiyneuiM noKpuniH Ha no- 

BCpXHOCTH H3aeJIHH, Z HM6HHO K CIIOC06aM nOflyTOHHH nOKpblTHH C HCnOJIb- 

30B2HHCM HeoprainraecKoro nopomiea, h Moacer 6wn» Hcnonb30BaHo b pa3- 

JIOTHblX OTpaCJUDC MaraHHOCTpOeHHH, B HaCTHOCTH IipH H3rOTOBJieHHH H pe- 
MOHTe H3ACJTHH, Tpe6>TOIHHX repMeTOTHOCTH, nOBWmCTHOH KOpp03HOHHOH 
10 CTOHKOCTH, JKapOCTOHKOCTH H flpyTHX KHHeCTB. 

B HacToawee BpeMa H3Becrao hcckojibko cnoco6oB ra30flHHaMHHecKO- 
ro HaHeceiow MeraJunwecKHX tiokputhh, oco6eHHOcn»io KOTOpwx hbjwctch 
ycKopeirae nacnm cBepx3ByKOBMM ra30BUM noroKOM 6e3 HcnoJib30BaHH5i Ka- 

MDC-Jffl60 TOpK)HHX ra30B HJffl MOIflKOCTeH. 

15 Hanpmviep, H3BecreH cnoco6 nojiy^eHiw noicpwTHH nyreM HaHeceHH* 

ycKOpeHHoro CBepx3ByKOBMM ra30BWM hotokom noponnea ajnoMHHHfl (Abt. 
CBHm. GCCP Xs 1618782, Kn. C 23 G 26/00) Ochobhwm HeflOcraxKOM 3roro 
cnoco6a jawweTCJi HH3KM 3(fc(J>eKTHBHOCTb, o6ycjiOBJieHHan TeM, hto ncnojib- 
3yioTca xojio^Hwe lacniubi ajnoMHHua, KOTopue ycKop^npTca no cpaBHH- 
26 tcjibho He6ojn.iirax CKOpocxefl, b CHJiy qero Ha noajioxoce mojkct 3aKpenHTbCH 
jramb He6ojn>moe kojihtoctbo Hac-ran^ hto Beaer k yBejiOTemno pacxoaa no- 
ponncoBOro MarepHana h bpgmchh nonyieHHH noKpwTHH . 

H3BecTHBi TaioKe cnoco6u nOJiyieHHH noKpwxHH, BKraonaiomHe HaHe- 
ceHHe Ha nofljioaocy (ocHOBy) nopouiKOB MeranJiOB, BBeaeHHbix b ra30Bbift 
25 noTOK h ycKOpeHHbix BMecre c ra30BWM hotokom b CBepx3ByK0B0M conne 
(aBT. CBHfl. CCCP >fo 1618778, kji. C 23 C 4/00; nareHT EP 0484533; onyoji. 
13.05.90; naTeHTUS 5302414, ony6ji. 12.04.1994). B sthx onoco6ax o6ec- 
ne<nraaeTCfl ycxopeHHe Macron nopomKa no 6ojiee bhcokhx ckopoctch (no 
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1200Wc).Cnoco6 b paae cjiynaeB no3BOJweT nojiynarb noicpbiTaa c noBbi- 
30 ihchhoh npoHHocTbK) cueiuieHH* c itojuiohckoh h hcbbicokoh nopHCTocxbio. 

OflHaKO HH3KyK) ra30ITpOHHUaCMOCTB nOKpBITHH y^aeTC^ flOCTHHB 
TOJIBKO npH OHeHb MaJlOH 34>(J)eKTHBH0CTH HaTTBUlCHRH (HH3KOM K03<J)<t)imHeH- 

Te HaiiBiJieHiw). KpoMe Toro, 3th cnoco6bi cpaBHHxejibHO flopora h xexHHHe- 
ckh cjio^chbi, TaK xaK jjjui hx peajifreaiura Heo6xoAHMO HcnonB30BaTB Aoporo- 

35 CTOHnme ra3H (^anpHMep, rejiHH) h bmcokhc AaBjiemw pa6onero ra3a (15-20 
aTM). 3to SHawrejiBHO yBejiHTOBaeT ctohmoctb o 6opy aob aHHH h ypjioacHfleT 
TexHOJiorHio naHecemw noicpfciTHH. Ilo3TOMy 3th cnoco6w Mano Hcnojib3y- 
JOTCH B npoMBimjiemiocTH. 

B flpyroM H3B6CTHOM cnoco6e noKpbrraa nojiynaiOT nyreM ycKOpeHHH 

40 ra30BbiM noroKOM, npeABapHTcnbHo noaorperbiM no 20-320°C, MexaHHHe- 
ckoh CMecH nacrau (nareHT PO 2082823, kji. C 23 C 24/04, 3axBJi. 
17.06.91, ony6ji. 27.06.97, EH 18). B aamioM cnoco6e cymecrBeHHO orpaim- 
neHa TCMneparypa noflorpesa ra3a h ckopoctb ra30Boro noroKa (hhcjio Maxa 
MeHbine 2). B CHJiy aroro yrca3aHHMH cnoco6 ee o6ecneHHBaex B03MoacHOCTb 

45 (J)opMHpOBamw c bhcokoh npOH3B0OTTenbHOCTbio BfcicoKorepMeroqHbix no- 

KpblTHH. 

H3BecTeH Taicxce ncmy^eHMJi noKpHTHH nyreM Hcnojib30BaHHH Meraji- 
JnraecKoro noponnca, cocroamero H3 hcckojibkhx komiioh€htob, h ycKopae- 
Moro no CBepxsByieoBbix CKOpocreH b noroiee ra3a-Hocirrejw, Harpexoro no 
50 TCMneparypbi 0,3-0,9 TeMnepaiypbi Havana o6pa30BaHHA khakoh (})a3bi (na- 
tcht P<D X2 2062820, kji. C 23 C 24/04, 3aran. 20.05.94, ony6ji. 27.06.96, BH 
18). IIpH 3tom, Hcnojib3yji, b HacroocTH, cmccb mcotl c i{hhkom, yflaercfl no- 
jiynaTb xopomyio 3JieKTponpoBO < aHOCTb h H3HococToihcocTb noKpbrara. Cy- 
mccTBCHHMM HeaocrraTKOM aroro cnoco6a HBjrwerc^ to, hto nony^aeMbie no- 

55 KpUTHfl HMeiOT HH3KyiO ITpOHHOCTb CIjenjieHH* C nOflJIOHOCOH, a TexHOJioriia 

nojiyneHiw noicpbmtH ycjioacHeita Heo6xojp*MOCTbK> ero HaHecerata noa on- 
peaejieHHbiM >tjiom k noBepxHOCTH. 
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HcnojTB3yK>T CMecB nopoinKOB, no KpafiHeii Mepe, Afiyx MerajuioB, oahh h3 
KOTopbix nopomoK rufmca b kojthhcctbc 20-60% ot o6mero Beca MeTajunree- 
CKoro nopounca, npn 3tom B03Ayx npeABapHTejibHO HarpeBaiOT ao Tewnepa- 
90 lypu 400 - 700 °C. 

B 3aBHCHMOCTH OT MaTCpHaJia nOJWOHCKH H yCJIOBHH 3KCTUiyaTaUHH np- 
KPWTHH B MCTajUlHHCCKOM nopOIUKe HapHAy C nopODIKOM UHHKa HCnOJIb3yK)T, 

b nacTHOCTH, nopoinoic ajwoMHHiw, Me ah hjih hx m examraecKyio CMeCb. 

B KanecTBe KepaMHHecicoro nopounca inenecoo6pa3HO Hcnojib30BaTb 
95 noponncH, HMeiomHe pa3Mep nacnm 5-50 mkm. 

B KanecTBe KepaMHHecicoro nopounca Han6ojiee i^ejiecoo6pa3HO hc- 
nojtb30Barb nopouncH oKCHAa ajnoMHHiw, Kap6HAa KpeMHua hjih hx cmcch. 

CpaBHHTCJIbHbl H aHaJTH3 nOKa3aJI, HTO 3aHBJWeMbIH Cn0C06 OTJIHMaeTCH 

ot nporoTHna TeM, hto Hcnojib3yerca MerajuiHHecKHfi nopomoK, coAepaca- 
100 hchh nopomoK UHHKa b KomwecTBe 20-60%, a Taicace tcm, hto cmarafi B03- 
Ayx noAorpeBaror ao 6onee bmcokoh TCMnepaTypbi, a hmchho, ao 400-700°C. 
CymHOCTb 3axBjineMoro cnoco6a coctoht b cjieAyiomeM. 

XopOUIO H3BCCTHO, WTO UpH HCnOJIb30BaHHH flJW HaHCCCHHH nOKpblTHH 

cmcch noponncoB pa3Hbix MCTajuiOB mohcho nojiynaTb cneimajibHbie TpeSye- 
105 Mbie CBOHCTBa noKpwTHH, HanpHMep, noBwmeHHyio raHOCocTOifrcocTb hjih 
3JieKTpoiipoBOAHOCTb noKpbiTHH (naTeHT PO Ks 2062820, kji. C 23 C 24/04, 
3a*BJi. 20.05.94, ony6ji. 27.06.96, EH 18). 

rioCKOJIbKy ra30npOHHUaeMOCTb nOKpblTHH 3aBHCHT B OCHOBHOM OT 

crpyKTypw rpaHHU MeacAy nacTHuaMH b noKpbiTHH, to juw noJiyneHRa 6onee 
1 10 miOTHoro KOHTaicra MeacAy nacTHiiaMH mohcho 6bijio 6m b cocraB HanbijweMO- 
ro noponncoBoro MarepHana Bicniowrb Merajui, oGjiaAaiouom bwcokoh mia- 
CTiraHocTbK), HanpHMep uhhk, krk oahh H3 Han6ojiee AeineBbix h AOCTyimbix. 
OAHaxo, xax noKa3tiBaeT npaxTHKa ra3orepMHHecKoro HairajieHH* noKpbiTHH 
(Xacyft A., Texmuca HanbuieHHa, M.: MainHHOcnpoeHHe, 1975, c. 176), ljhh- 
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115 KOBBie noKpHTH* oTJiHHajoTCH noBMiueHHOH ra3onpOHHaaeMOCTbio no cpaB- 
HeHHK), HanpHMep, c ajnoMmmeBbiMH noKptrraaMH. 

TeM He MeHee, y noKpMTHH, nonyqaeMMx ra30 AHHaMHRecraiM h mcto- 
JX3.MU, CTpyioypa rpamm, Me*ay nacnmaMH Moacer cmibHO oTJiHHarbca ot 
aHanonrmoH crpyicrypbi y TumwHbix ra30TepMHHecKnx mctoaob. IloaTOMy 

120 Hcnojib30BaHHe intHKa Morjio flan. nojio^cHTejibHbiH pe3yjibTar. Czmaico b jih- 
Teparype Ha momcht co3jnanRH naHHoro rooopeTeiow OTcyTCTBOBajia KaKaa- 
jih6o HHCpopMamta o tom, cnoco6crByer jih npHcyrcTBHe uHHica b Hairbuiae- 
mom ra30flHHaMHqecKMM h MeroaaMH nopomKOBOM MarepHajie yMeHbmerano 
ra3onponHHaeMOCTH noKpbiTHH h xaicoe kojihhcctbo nHmca aojdkho npHcyr- 

125 CTBOBarb b nopomKOBOM Maxepnauie jvw o6ecneHeHna xopomeft repMeTM^mo- 

CTH nOKpbltHH H BMCOKOH npOHHOCTH erO CHeiDiefflW C HOflJIOMOCOH. 

Tohho Taxace 6biiia HeH3Becraa HH^opMamra h 06 onTHManbHOM flHa- 
na30He TeMneparyp HarpeBa cacaToro ra3a, KOropbiM ycxopaioTca Hacraubi 
noponuca. Hcxozw H3 -roro, hto c noBbiuienHeM TeMneparypbi roiacrifqHOCTb 

130 inorica yBejOTTOBaerca (hto aojukho cnoco6craoBaTb nojiyneHmo (xwiee Tec- 
Hbix rpamm Me»ay nacTHuaMH b noKpbrora), TeMneparypy ra3a cneflOBano 
6bi noBBiuiarb. TeM ne MeHee, cymecrByioiuHH onbif (nareHT PO Kg 2062820, 
kji. C 23 C 24/04, 3aaBJi. 20.05.94, onyoji. 27.06.96, BH 18) noica3biBaji, wro 
npH Hcnojn>30BaHHH noponncoBoft CMecH, coflepacameH inane, npH TeMnepa- 

135 Type ra3a 400 9 C h Bbiine npoHCXozufT HHTCHCHBHoe HammaHHe noponnca Ha 
ctchkh conna. 

TakHM o6pa30M, 3apaHee 6bmo HeHSBecnio h HeoqeBHflHO, b k3koh 
CTeneHH npHcyrcTBHe immca b noKpbiTHH 6yaer cnoco6cTBOBaTb yMeHbme- 
hhk) ero ra3onpoHimaeMOCTH, Kaicoe KOjnraecTBO mauca b nopomKOBOM MaTe- 
140 pnane h Kaxaa TeMnepaTypa noflorpesa pa6onero ra3a HBJunoTCJi ormiManb- 
HbiMH jxnsi nojryqeHHa repMennfflbix noicpwTHH c hh3koh ra3onpoHeuaeMQ- 

CTbK) H BblCOKOH IipO«iHOCTbK> CUeiUieHHH C nOflJIOEOKOH (oCHOBOfl). 
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jjjw nojiyneHiM otbctob Ha 3th Bonpocbi 6mjih npoBeAeHbi cneuHanb- 
Htie HCCJieAOBamw. Emjio, b Hacroocro, o6Hapy3KeHO, hto repMennmocTb 

145 noKpHTHft nnfflb b He6ojn>moH creneHH 33bhcht ot nopHcrocTH noKpwTHft. 
npH HH3KHX 3HaneHHHx nopHcrocTH, thuhhhmx aim ra30AHHaMHHecKHx no- 
KpMTHfi, 6onee BaacHyio pojib nrpaer CTpyxrypa rpamm (ciuiomHOCTb) MeacAy 
OTAem»HUMH nac-nmaMH, 4>opMHpyiomHMH noKpbiTHe. J\jix nojiyHeHHH no- 
KpuniH c HH3KOH ra3onpoHimaeMOCTbK> Heo6xo«HMO o6ecneHHTb nnoraoe 

150 npuMbncaHHe Hacrraj apyr k Apyry, HaH6ojiee nojmoe 3anojmeHHe Bcex mhk- 
p03a30poB (npaKTHMecKH He bjthhkdiuhx Ha nopHcrocTb) Ha rparamax M«KAy 

HaCTHUaMH. 

OKa3ajiocb, hto Ao6aBjieHne b HanbuweMMH noponncoBufi MaTepnan 
UHHKOBoro noponixa 3HaHHTejibH0 yMem>maeT ra3onpoHHnaeMOcn> noicpbi- 
1 55 thh. IIpH 6hjio o6Hapy>iceHO, hto yBejnraemie xeMneparypw cxaxqro Bcraayxa 
TaioKe cnoco6cTByeT yMeHbmem«o ra3onpOHjmaeMocro ookphtoh. 

B pe3yju.Tare npOBeAeHHbix HccjieAOBaHHH 6buio o6Hapy*eHO, hto 
npHcyTCTBHe nmnca b HanbuiaeMOM noponncoBOM MaxepHane npn KOjrareecTBe 
MeHee 20% ot o6mefi Maccbi MerajiJiHHecKoro nopopnca o6ecneiHBaer jminb 
160 He3Ha*nrrejii>Hoe yMeHbnieHHe ra3onpoHHuaeMocTH. IIpH coAepaaHHH umnca 
6ojiee 60% HaiHHaeT 3Ha«mTejn>HO yMeHBman»cH npoHHOCTb cuemieHHH no- 

KpMTHS c ochoboh. 3to o6yCJIOBJieHO TeM, HTO npOHHX paBHBIX yCJlOBH^X 

qHcro uHHKOBue noicpbiTTui oGjiaaaior MeHbiueft npoHHocTbio cuemieHHa c 
noAnoaacofi, neM, b qacrHOCTH, hhcto ajHOMHHHeBbie. 
165 IIpH HanbijieHHH noKpbixuH B03Ayx nepeA noAaneH b cBepx3ByxoBoe 

coiuio npeABapHTejibHO nonorpeBaiOT, yBejiwraBaji tcm caMbiM TeMnepaTypy 
CBepx3ByKOBoro BCKJAynmoro noroica, KoropbiM nopomoK ycKOpjnoT b CBepx- 

3ByKOBOM COHJie. IIpH 3TOM, B 33BHCHMOCTH OT TOTO, B KaKyiO HaCTb COIUia 

bboahtcji nopomoK (b A03ByKOByio hjih CBepx3ByKOByio), TeMnepaTypy no- 
170 AorpeBa B03Ayxa BbiSnpaioT Tax, hto6h Macro luj nmnca, at^xpeicrHBHo ycxo- 
pjwcb b coiuie, oAHOBpeMeHHO pa3orpeBajmcb iiotokom B03flyxa h yBejiHHM- 
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B2UIH CBOK> IIJiaCTMHHOCTB. 3KCncpHM6HTBI nOKa3aJIH, HTO OirTHMaJLbHblMH 

TeMnepaTypaMH, ao Kcrropux Heo6xoAHMO pa3orpen> CHcaTbifi bo3AY* nepeA 
noflanefi ero b CBepx3ByKOBoe coruio, hbjihkdtch 400-700°C Tor^a npH co- 
175 yflapemm c npeAHAymHM cjioeM noKpbrnui nacmmbi munca, pa3orpen>ie h 
o6jiaaaiomHe bbicokoh CKOpocTbio h iuiacTHRHOCTbio, cfropMHpyiOT 6onee 06- 
niHpHBie rurraa KOHTaicra c apyraMH nacranaMH, Jierne 3anojiH*K>T Bee mhk- 
poyrjiy6jieHHH Ha noBcpxHOCTH npeAHAymero cjioji noKptrnw h MHKpo3a30- 
pw MeyKjxy paHee 3aKpenHBimiMHCH nacnmaMH. 
180 IIpH 6ojiee HH3KOH TeMneparrype noAorpeBa B03Ayxa HacrauM uHHica He 

ycneBak)T pa3orpeTbc* b coiuie h ocTaiorca b MajjoiuiacnnraoM coctoahhh. 
npH coyaapemiH Taioix nacrrau c noKpwraeM (npeAMAyiAHM cnoeM nacrau), 
Ha rpaHHuax MexcAy HacraiiaMH ocraiOTCfl Mincpo3a30pbi h He o6pa3yeTC5i 
flocTaTOHHO cnnonraoH h tuiothoh cTpyKTypbi rpamm MeacAy RacrimaMH b 
185 noKpMTHH. IIpHqeM Hararaie hjth oTcyrcTBHe hoaoShoh crpyKrypti rpaHHU 
npaKTHHecKH He BjnweT Ha nopHCTOCTb noKpbiTHH. KpoMe Toro, npH yMeHb- 
meHHH TeMnepaTypw noAorpeBa B03Ayxa yMeHbmaerca cxopocTb B03flyinHO- 
ro noTOKa, a cjieAOBaTenbHO, h cKopocrb nacnm nopomica, <rro Be^eT k chh- 
TKeHHio BepoflTHOCTH 3dKperuieHHH Hacmm Ha noAnoaace h, tskhm o6pa30M, k 
190 noBbimeHHOMy pacxoAy noponiKOBoro MaTepnana, yBejmHemco BpeMeHH Ha- 
Hecerow noiqpbrnw h yMeHbnieHmo npoH3BOAHTejn>HOCTH npouecca. 

IlpH 6ojiee bhcokoh TeMnepaType noAorpeBa B03flyxa Ha noBepxHOcra 
noAJioxocH HaHHHaiOT 3aKpenjiHTbcx h xe HacxHuw Merajuia, KOTopwe b npo- 
uecce y^apa no pa3HWM npHMiwaM AC<J>opMHpoBajmcb cjia6o. Ilpa 6ojiee hh3- 
195 koh TCMnepaType ohh He 3aKpenjMjmcb Ha noBepxHOcra, a yjieTajra, hjih Jier- 
ko c6HBajiHCb c noBepxHOCTH jrpyrHMH ^acnmaMH. B cjiynae 3aKpeiuieHHa 
TaKHX nacxHii Ha noBepxHOcra noflno>KKH yMeHbmaeTCH npoHHOCTb cueiuie- 
hhh 3Toro noKpbinw c noAnoaacoH. KpOMe Toro, npH Hpe3MepHOM noBbime- 
hhh TeMnepaTypw noAorpeBa B03Ayxa umocoBbie ^acnmbi Moryr pa3M*r- 
200 naTbca HacrojibKO, hto chjibho yBejiHwrca BepoaTHOCTb HajiHiiaHHfl 3thx 
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^acTHU Ha BHyrpeHHHe ctchkh conna, hccmotph Ha npHcyrcTBHe b noponiKe 
KepaMFwecKHx ^acrou. 

KepaMH^ecKHe nacnmbi npH B3 aHM o j^chctbhh c nojyio^ocoft o^ranaioT 
ee ot 3arpH3HeHHfl h co3AaiOT pa3BHn>iH Mmcpopejibec}) noBepxHOCTH, hto 
205 o6ecneTOBaex yBejnroeirae npOHHOcra cueiuiemw noKpbrom c iioajiohckoh. 
KpoMe Toro, 3th Hacramj yAapaiOT no 3aicpenHBmHMca MeTajuraqecKHM nao 

THUaM H, BCJieflCTBHe BWCOKOH TBepflOCTH KCpaMHKH, AOnOJIHHTeJIbHO hx Ae- 

<J)opMHpyK)T h npeccyiOT, yMeHbinaa nopHCTOCTb noKpbintH h y Be jihh hb an 
miomaob rparom KOHTaicra Me*Ay HacrouaMH b nokpuTHH. Onem* bb^chmm 
210 sBJiHercfl h to, mto qacTHUbi KepaMHKH b npouecce abhskchhh b coiuie o*m- 
maior ctchkh coiuua ot HajTHnaioiimx Ha hhx nacnm MCTajuia. 3to no3BOjm- 
jio cymecTBeHHO yBejnfHHBaxb TeMnepaiypy paGonero ra3a, He onacaacb Ha- 
jnmaHHH nacTHU Ha ctchkh conna* 

npHMepw KomcpeTHoro Hcnonb30BaHiM npHBeaeHw b Ta6mme, b koto- 
215 pofi fljw cpasHCHHH nofca3aHU ycpeflHeHHwe roMepemw pa3JiHHHMX xapaicre- 
Phcthk noKpwTHH, nojiyHCHHtix 3a^BJiHCMbiM ciioco6om, npH HanBuieHHH no- 
ponncoB HMeiomnx pa3nH*mbiH cocraB. IIokphthh HaHOCHJiHCb c noMonw>K> 
ycTpoficTBa zuifl raaoflHHaMwqecKoro HaHecemw noicpbiTHH, o6ecneHHBaionie- 
ro HarpeB OKa-roro B03Ayxa, noAany ero b CBCpx3ByKOBOC conno, bbcachhc b 
220 CBepx3ByKOBofi noTOK h ycKopeime 3thm noTOKOM noponiKOBoro Marepnajia. 
CoAepacamie MenuuiOB iiphbcasho b npoueirrax or o6mero seca Merarunrae- 
CKoro nopounca b nopomKOBOM MarepHane. CoAepxcaaHe KepawnraecKoro Ma- 
Tepnana (oKCHAa ajnoMHHPw) bc3A£ cocrraBjwjio 30% ot o6mero seca nopom- 
KOBoro MaTepnana. ra3onpoHHnaeMocTb H3Mepanacb Ha OAHHaKOBbix o6pa3- 
225 uax npH Tommme noKpwnfH okojio 0,5 mm h nepenaae AaBJiCHHH 20 aTM. 
ripoHHocTb cuenneHHH noKpbrraa c noAnoaocoH (aAre3iw) H3MepHJiacb hithcJ)- 

TOBblM MCTOAOM. 
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H3 Ta6jiHuw BHflHO, hto HaHJiyMiuHH pe3yjibTaT AOCTHraeTCH npH co- 
AepxcairaH muflca b nopouiKOBOM MarepHajie b KomraecTBe 20-60% ot Beca 
MexajinHHecKoro nopomKa h npH npeABapHTejibHOM noaorpeBe cacaToro bo3- 
235 jjyxa flo TeMnepaiypw 400-700°C. 

IlpHBefleHHMe Bbime npHMepu KomcpeTHoro Hcnojn>30Bamia noKa3ajiH, 
xrro npH peamreaujiH cnoco6a nojiynaiOTca tiokpmthk, o6jia^aiomne kh3koh 
ra3onpoHHixaeMOCTbK> h xopouiefi npoHHOCTbio cuemieHHH c no«Jio>KKOH. 

Jinx nojiyqeHiw KanecTBeHHbix noKpwrafi uejiecoo6pa3HO hcuojii>30- 
240 Barb b KanecxBe KepaMnnecicoro MarepHaria noponiox KCpaMHKH c HacnmaMH 
pa3MepOM 5-50 mkm. Ecjih pa3Mep nacrim xepaMHKH b nopomKe MeHbnie 

OKOJIO 5 MKM, TO OHH 6blCTpO TOpM03HTC* B 3aTOpMOMCCHHOM CJIOe B03flyxa 

nepea nozuioaacoH. HMea HH3Kyio cxopocTb coyaapeHiw c iio/uio>kkoh, Taicne 
nacTHUbi tuioxo OHHmaiOT noBepxHOCTb jioajioxoch h cjia6o yruroTRHiOT no- 
245 KpbiTHH. npH pa3Mepe qacrau 6ojiee okojio 50 mkm - 3(J>4>eKT npo-rHBonojioac- 

HblH. TaKHe HaCTHUbl npOH3BOA**T CJIMUIKOM 60JIbIHOH 3pO3H0HHbIH 3(}x})eKT, 

He TOJibico ynjioTfWKrr (fcopMHpyeMoe noKpbiTHe, ho h cpesaior 6oju>myio ero 
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*racn>. 3to b HTore iiphboaht k CHHEceHHio 3<t>$eKTHBHOCTii npouecca Ham>i- 
ueHHa b uejiOM. 

250 B KanecTBe KepaM*raecKoro Ma-repHajia ynp6no Hcnojib30Barb Kap6n# 

KpcMHRH mjih CMecb Kap6ima KpeMHHH c okchhom ajnoMHHiw. Kap6nA KpeM- 
hh* OTJinercH 6onee .aoporHM. CXzmaKO npH bhcokockopocthbix coyaapeHHax 
c ncwuiOHCKOH HacTHUW nopouiKa Kap6«ma kpcmhhh CBenrrca, aaBan, TaKHM 
o6pa30M, BO3M0»HOCTb Ha6ino,aaTb iistho Hanbuiemia. IIpH BbiriojmeHirH 

255 pa3JiHHHBix pa6oT (HanpHMep, peMOHTHbix) Taican Brayariraaipifl hbjihctch 

OHCHB y^o6HOH. 

Cnoco6 OTjiiwaercH npocTOTOH, ziemeBHSHofi, ero mohcho hciiojii>3o- 
b3tb mm peMOirra pa3jnrrobix mwemm, HanpHMep, AeTajiefi aBTOMo6iuiCH 5 b 

HaCTHOCTH aBTOM06HJIbHBIX KOHffHKHOHepOB. 
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<DOPMYJlA H30BPETEHH5I 



1 . Cnoco6 nojiyieKua noKpbiTHH, BKjnonaiomHH ycKoperaie b CBepx- 
3ByKOBOM corme noTOKOM npe^BapHTejifcHo Harperoro B03ayxa h HaHeceHHe Ha 

5 noBepxHOcn> H3,nejnm noponiKOBoro MarepHana, coaep>icamero MexaHHHecKyio 
CMecb KepaMH^ecKoro h MeTajuraHecicoro noponiKOB, orjnraajomHHca TeM, hto 
b KanecTBe MeTaJUiHHecKoro nopounca Hcnojn»3yioT cmccb nopouncoB, no Kpafi- 
HtvL Mepe, AByx MerajuiOB, oahh H3 Koroptix nopomoK nnHica b KOJiHHecTBe 20- 
60% ot o6inero Beca MerajuranecKoro nopounca, npH 3tom B03,ziyx npeflBapH- 

10 xenbHo HarpeBaiOT ao reMnepaiypbi 400 - 700°C 

2. Cnoco6 no n.l, OTJiinaiomHfica TeM, hto b icaHecTBe nopounca 
jipyroro Meraiuia HcnonKjyiOT nopomoK amoMHHHH. 

3. Cnoco6 no n.l, orjmnaioiiumcfl tou, hto b KanecTBe noponnca 
apyroro MeTajuia Hcnoji&3yK>T nopomoK MeflH. 

15 4. Cnoco6 no n.l, OTjnwaiOnmHCJi TeM, hto b KanecTBe noponnca 

xjpyroro Merajijia HcnojiB3yioT MexaHHHecicyio CMect noponiKOB Meim h arao- 

MHHRH. 

5. Cnoco6 no n. 1 , OTjniHaionmHca TeM, hto HcnoJu>3yerca xepaMHHe- 
ckhh nopomoK c pa3MepoM nacTHU 5-50 mkm. 
20 6. Cnoco6 non.l, oTjiHHaioiuHHCH tcm, hto b KanecTBe KepaMHHe- 

CKoro noponnca Hcnojn»3yiOT okch^ ajnoMHHJw. 

7 . Cnoco6 no n, 1 , oTjmHaioniHHca TeM, hto b KanecTBe KepaMHHe- 
cKpro nopoiUKa Hcnojib3yroT Kap6aa KpeMHiw. 

8. Cnoco6 no n.l, OTjiwHaioniHHca tcm, hto b KanecTBe KepaMnne- 
25 CKOro noponnca HcnojiB3yiOT MexaHHHecicyio CMect nopouncoB 0KCH.ua ajnoMH- 

hhh h Kap6Hjia KpeMHH«. 
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The inventive method consists in preheating compressed air to a temperature of 400 °C-700 °C, forming a high-speed airflow in 
g a supersonic nozzle, accelerating up and applying powder material on the surface of article. Said powder material is embodied in 

the form of a mechanical mixture of metallic powders of at least two metals one of which is a zinc powder corresponding to 20- 
W 60 % of the total weight of the metallic powder. The zinc and compressed air heated to a specified temperature assure high 
^ performance of the method and make it possible to produce coatings exhibiting a low gas permeability and a high adhesion to a 
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(48) A&Ta ny6jiHieauHH ttacTonmero HcnpaBJietiHoro sa- 

pMairra: 24 HKWia 2003 

B omHoiueHuu deyx6yxseHHux xodoe, Kodos juuxoe u dpyeux 
(15) MH<t>opMauH« 06 McnpaBjieHHH: coxpaitfeHUu cm. trfloxcHeHiui k ko6om u coKpauienuRM» % ny6nu- 

Cm. Bwn/iCTCHL PCT Jfs 30/2003 ot 24 miojw 2003, PaxaeJ! II- xyeMue e Hanane Kaxcdozo osepednoeo etanycKa ErojuiemeHX PCT. 



(57)Pe * cpaT: Cnoco6 npeflHa3HaMeH ana nonynmwi MCTajurHMCCKHx noKpbiTMH Ha no- 

BCpXHOCTH H3fleJIHH, B HaCTHOCTH npH H 3rOTOBJICHHH M peMOHTC H3ACJIHH, Tpe- 
6yiOmMX rCpMCTMMHOCTH , JflOBblUICHHOH KOpp03HOHHOfi CTOHKOCTH, >KapOCTOH- 

kocth h flpyrax KanecTB. Cnoco6 BKjnoHacT b ce6a npeflBapjrrejibHHH HarpeB 
OKaToro B03ayxa no xeMnepaTypw 400 - 700°C, 4>opMHpoBaHHe b CBepx3Byxo- 
bom conjie BbicoKocxopocTHoro B03AyuiHoro noToxa, ycxopeHHe sthm iiotokom 
h HaHeceHHe Ha noBepxHOCTb h3acjih* nopouiKOBoro MaTepnana, npeacTaB- 
jwioiuero co6ofi MexaHHHecxyio CMecb KcpaM HMCCKoro MeTajumnecKoro no- 
pouiKOB, npi«eM b KanecTBe MeTajuiH necicoro nopoinica Hcnojib3yK)T CMecb no- 
pouiKOB, no Kpamefi Mepe, RByx MerajuiOB, oahh H3 KOTOpbix nopouiox mwica 
b kojihhcctbc 20-60% ot o6mero Beca MerajuiHHecKoro nopounca. HajiHHHe b 
nopouiKOBOM MaTepnajie m*Hxa h HarpeB oxaToro B03^yxa ao yica3aHHoii TeM- 
nepaTypw oGecnenw BaiOT nojiyneHwe c bmcokoh npoH3BOflHrejibHocTbio no- 
KpbiTHH, p6jiaaaiomHx hh3koh ra3onpoHHuaeMOCTbio h BbicoKoii npoHHocrbio 
cueiuieHiw c no;yio;KKOH. 8 n.<}). 
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cnocoB noJiy^EHHH noKPLiraR 

5 H3o6peTeHHe othochtca k TCXHOJionm nojiyneHHH ncKpuTHft Ha no- 

BepxHOcrra roaejimi, a hmchho k cnoco6aM nojiynemDi noKprnim c HcnonB- 
30B3HHCM Hec^ramraecicoro noponnca, h moecct 6HTb Hcnojn>30BaHO b pa3- 

J1H4H M X OTpaCJIHX MamHHOCTpOeHHJI, B HaCTHOCTH npH H3rOTOBJICHBCH H pe- 
MOHTC Tpe6yK>mHX repMCTBraBOCTE, nOBHffleHHOH KOpp03HOHHOH 

10 CTOHKOCTH, HCapOCTOHKOCTH H APyTHX KaHeCTB. 

B Hacxo^mee Bpeivta H3Becrao hcckojibko chocoGob ra30AHHaMEraecK0- 
ro HaHeceHHH MerajumHecKHX noKpurmt, ocoSchhoctbio Koropux jmjraercH 
ycKOpeHne Hacrmj, CBcpx3ByKOBHM ra30BHM hotokom 6e3 Hcnojn^oBamra Ka- 
khx-jih6o ropiOHHX ra30B mm acHAKOCTCH. 
15 HanpuMep, h3bcctch cnoco6 nonyneHira noKptrrafl nyreM HaHecemra 

ycKOpeHHoro CBepx3ByKOBtiM ra30BMM hotokom noponnca ajnoMHHM (Abt. 
cbhw. CCCP 1618782, kji. C 23 C 26/00). Ochobhhm HeAOcrarKOM 3roro 
cnoco6a hbjmctc^ HH3Kaa ^(J^kthbhoctb, oSycjiOBJieHHaa tcm, mto hchojib- 

3yK>TCH XOJIOflHbie HaCTHItM ajnOMHHIM, KoropLie ycKopmoTCH AO CpaBHH- 

20 TCJibHO He6ojn>nmx CKopocrefi, b cnjiy hgtq Ha nofljioaace MO>Ker 3aKpemm>ai 
i t m i UK He6ojn>moe KoraraecTBO qacnm 5 *rro bca^t k yBejiBraeHmo pacxoaa no- 
ponncoBoro Marepnajia h BpeMeHH nojiyneHBW noKpbrrax. 

H3BecTHBi TaK*ce cdoco6bi nojiyneHBUi noKpHTHH, Biono^aronxHe HaHe- 
ceime Ha noAJio»ocy (ocHOBy) noponncoB MerajuipB, bbca^hhmx b ra30BMH 

25 HOTOK H yCKOpCHHBIX BMeCTe C ra30BWM HOTOKOM B CBepX3ByKOBOM conjie 

(aBT. cbha. CCCP Ko 1618778, kji. C 23 C 4/00; nareirr EP 0484533; ony6n. 
13.05.90; nareirrUS 5302414, ony6ji. 12.04.1994). B sraxonoco6ax o6ec- 
neHHBaercH ycKOpemie nacnm noponnca ao 66jiee bbicokhx cKopocTefi (ao 
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1200Wc).Cnoco6 b p^e cnynaeB no3BOJiner nojiynarb noKpBrraa c hobli- 
30 meHHOH npoHHOCTbio ciienneima c nofljioaacon h HeBBicoKofi nopncTOCTBiQ. 

OAHaKO HH3Kyio ra3onpoHimaeMOCTB noRpBrran yuaerca ^octeftb 

TOJIBKO IipEt OHeHB MaJIOH 3(})4>eKTHBHOCTH HanBUieHHH (HH3KOM K034>(f)HmieH- 

Te HanmieHHH). KpoMe Toro, erm cnoco6H cpasHHrejiBHO #opora h tcxhhhc- 
ckh cjioechh, T3K KaK ajm hx peanEBaijHn Heo6xo,ffHMO Hcn(mB30BaTB floporo- 

35 cro^mne ra3H OpaiipHMep, rejmfl) h bmcokhc flaBJiemra pa6onero ra3a (15-20 
aTM). 3to 3Ha*mTejn>HO yBejmHHBaer ctohmoctb o6opyn;oBaHira h ycjioamaeT 
TexHOJiormo HaHeceHHH noKptrrafi. rio3TOMy 3th cnoco6Bi Mano Hcnojn>3y- 
yoTcsi b npoMLnnneHHOCTH. 

B apyroM h3bccthom cnoco6e noKptrra* noJiynaiOT nyreM ycKOpemra 

40 ra30BBiM naroKOM, npeABapirrejiBHO noflorperbiM ao 20-320°C, Mexamrqe- 
ckoh CMecH ^acrim (nareHT PO N° 2082823, kjl C 23 C 24/04, 3a«BJL 
17.06.91, ony6ji. 27.06.97, EH 18). B #aHHOM enoco6e cymecrBerao orpaira- 
neHa TCMnepaiypa no^orpeBa ra3a h ckopoctb ra30Boro ncrroica (hhcjio Maxa 
MeHbrae 2). B crniy 3Toro yicaaaHHMH cnoco6 He o6ecneHHBaer bosmoechoctb 

45 4>opMHpoBaHMH c bwcokoh npoH3BO#irrejn>HOCTbK) BLicoKorepMeTHraaLix no- 

KpblTHH. 

H3BecTen TaK»e nony^emra noKpErrafl nyreM Hcnojib30BaHHH Meraji- 
jpraecKoro nopoimca, cocroOTjero H3 hcckojibkhx KOMnoHeirroB, h ycicop*e- 
Moro ao CBepx3ByKOBBix CKopocreS b noroKe ra3a-HOCHrejiH, Harperoro ro 

50 TeMneparypBi 0,3-0,9 xeMnepaTypw Havana o6pa30BaHHa hchakoh: <J)a3H (na- 
TeHT P<£ K2 2062820, icn. C 23 C 24/04, saaiui. 20.05.94, ony6n. 27.06.96, EH 
18). Ilpn 3tom, Hcnojii>3ya, b nacTHOcra, CMecb Me^H c hjihkom, yflaerca no- 
nyqaTB xopomyio 3JieKTponpoBOflHOCTb h H3HOcocToftKocrb noKpBiiHH. Cy- 
ntecTBeHHHM He^ocrancoM sroro cnoco6a aajwercH to, hto nojiynaeMBie no- 

55 Kpwnw HMeiOT HH3Kyio npoHHOCTL cnenjiemra c hoajioeckoh, a TexHOJiornn 
nojiyqemra noKptrrBui ycjKWKHeHa Heo6x6AHMOCTBio ero HaHecemw no,n on- 
pe^eneHHBiM yrnoM k noBepxHOcra. 
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TaKKM 06pa30M, C nOMOnj&tO H3BCCTHMX CTIOC06OB BpaKTMHeCKH He- 

B03MOKHO o6ecneHHTB 3<$$eKvmmoz ncwy^eHne tiokpbitkh^ MMeroujHX hh3- 
Kyio ra3ajncpoHHiiaeMOCTb (Bticoicyio repMernHHOcrb) h BMcoxyio iipohhoctbio 

CIXeTUieHB* C OCHOBOH. 

Han6ojiee 6jih3kkm k 3a*BjraewoMy pemeHHio ^BJineroa cnoco6 no^y- 

HeHRE nOKpfcITMCH 9 BKyilO'iaiOIIIH K yCKOpeBHe B CBepX3ByKOBOM COlUie nOTOKOM 

npenpapirrejiBHo HarpeToro B03,ayxa h HaneceRHe Ha noBepxHoon* tisjseuma 
T3toponncoBoro Marrepnajia, coAepxeaujero MexamwccKyjo cMect KepaMHHeCKo- 
ro h MeTajuiHHecKoro noponncoB. B 3tom cnoco6c ocy^ecrBiraerca npejiBa- 
pHTeuiBHfcJLH HarpeB cxcaroro B03,oyxa (100«350°C) :> 4>opMHpoBaH«e b cBepx- 
3ByK0BOM conrie BBicoKOCKopocrHoro B03,3yniHoro noroKa h ycKopenne 3thm 
noroKOM nopomKOBoro Marepaajia. Bee sto no3BOJwer nojiynarB noKpMTwc c 
bhcokoh npoHHOCTbio cuenneHiiH c noanowcoH h hh3koh hophctoctbio npn 
OTHOCHTejiRBO hcbmcokhx 3aTpaTax (TlaxeHT P4> Jfe 203841 1, xn. C 23 C 4/00, 
aasran. 17.1 1.93, ony6n. 27,06.95, 5H 18). 

Ooteko h 3tot cnoco6 npn flocxaroHHO bbicokoSl npoH3Bo,zflaTeJi bhocth 
He o6ecne^i2BaeT Bwcoicyfo repM&imHOcn> hokphtmh, oco6eHHO npn naHe- 

CCHHH TOHKOCJIofiHBlX HOKpOTHH. UpH TeXHOJIOrjBQt, HeCMOTp* Ha HH3- 

KyK> HOpHCTOOTB, TORKOCJlOHHHe ITCECpblTHa, BO MHOrHX CJiy^a^X He 5IBJU3DEOTCH 

nojTHocTEK) ra30HenpOHHn;aeMHMM. 

3aaa^ea 3aaBJiseMoro peujenna *Bjraeica yny<mieHHe KaiecTBa noKpw- 
thhl, a KMeimo, cHHxeime hx rasonponmsaeMOCTH, npn o6ecneHeHHJi bbtco- 

KOH UpOSDaOCTH C^OJieHMH HOKpfcJTHH C noJOpiOTKKOH H J^OH3B0flHTeJlBHOCTH 

(acJ^eKraBHOcra) nponecca. 

HocTaBjieHHa^ 3aaaia Aocraraeroa tsm, hto b resecrHOM cnoco6e no- 
jryHeHHH noKpuTHfi 9 . BKjiKnaipiiteM ycicppeHHe b csepx3ByKOBOM conne hoto- 
kom npeABapHreicbHO narperoro Bos/iyxa u HaHeceHHe Ha noBepxHocTB H3Ae- 
jih* noponncoBoro MaTepuajia, co/iep?Kaujero MexaHHMecKyio cMecB KepaMH- 
ciecKoro k MerajumHecKoro nopouocoB, b KanecTBe MerajiJiHHecKoro noponiKa 
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Hcnojn>3yior CMecb noponncoB, no KpafiHen Mepe, AByx MerajuioB, oahh h3 
KOTOpux nopomoK umnca b KOJiHHecTBe 20-60% ot o6mero Beca Meranjiirae- 
CKoro noponuca, npn 3tom B03joyx npeflBapHTenBHO HarpeBaiOT p.o TeMnepa- 
90 Type 400 - 700 °C. 

B 3aBHCHM0CTH ot MarepHana ho/uiosckh h ycjiOBHft 3KcnJiyaranHH no- 
KpbiTiw b MCTanjiHHecKOM noponnce HapH,oy c nopomKOM uhhke Hcnojn>3yioT, 
b HacraocTH, nopomoK ajnoMHHHH, mqjw huh hx MexaHHraecicyio CMeCb. 

B KaqecrBe KepaMEraecicoro noponnca n,ejiecoo6pa3HO ncnojib30BaTb 
95 . noponncH, HMeiomHe pa3Mep Hacrau 5-50 mkm. 

B Ka^ecTBe KepaMBraecKoro nopoimca HaH6ojiee nejiecoo6pa3HO hc- 
nojn>30BaTB nopomKH OKCEma amoMmnM, Kap6Bwa KpeMHaa both hx CMecn. 

CpaBHHrrejibHwft aHaim3 noKa3an, <rro 3anBjraeMMH cnoco6 OTJiBreaeTCH 
ot npoTonma TeM* wro Hcnoju>3yerca MerajumqecKHH nopomoK, coaepaca- 
100 ttttto nopomoK upmca b KOjnraecrBe 20-60%, a xaioKe tcm, hto c^caxbifi bo3- 
ffyx noAorpeBaKxr #o 6onee bbicokoh TeMnepaiypH, a hmchho, ho 400-700°C. 
CyiccHOCTB 3aaBJMeMoro cnoco6a coctoht b cjieayiomeM. 

XopOmO H3BCCTHO, x 3TO IIpH HCOOJII>30BaHHH JUISL H3HCCCHHH nOKpBITHH 

CMecH noponncoB pa3HLix MerajraoB mchkho nojiynarb cnenaajn>m>ie Tpe6ye- 
105 Mbie cBOHCTBa noKpsrrafi, HanpHMep, noBumeHHyK) HSHOCocTomcocTb huh , 

ajieKiponpOBOAHOCTb noKpMTHH (na-reHT P<t> Ks 2062820, kh. C 23 C 24/04, 

saasn. 20.05.94, ony6n. 27.06,96, EH 18). 

EEocKOJiBKy ra3onpoHraiaeMOCTB noKpBiTH& 3aBHCHT b ochobhom ot 

CTpyiaypM rpaHrai; MesKfly ^acnnjaMH b noKpwTHH, to jpra nojiyneHHii 6onee 
1 10 njiOTHoro KOHraicra Meayiy *iacnmaMH moecho 6buio 6h b cocraB HanHJiaeMO- 

ro nopoimcoBoro MarepHana BKjno^raT^ Merajui, o6jia#aiomHH bhcokoh iuia- 

cthtooctbio, Hanpm&ep iiHHk, KaK omsL H3 HanGojiee aemeBLix h riocTynHEix. 

OzcBaKO, KaK noKa3MBaer npaKTHKa ra30TepMHHecKoro HanHJieHH* noKptrrim 

(Xacyft A., TexmiKa HanmieHHa, M.; ManmHocrpoeHHe, 1975, c. 176), mm- 
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115 KOBBie noKpMTHH oTJiH^aiOTCH noBbimeHHOH ra3onpommaeMOCTi>io no cpaB- 

H6HHK), HaiipHMep, C ajnOMHHHeBBIMH TIOKpMTHHMH. 

TeM He MeHee, y noKptrrafr, nonyqaeMtix ra30«HHaMHHecKHMH Mero- 
aaMH, cipyiciypa rparam Me:»c#y lacnmaMH MOHcer chjibho orjraqaTtca ot 
aHajioiOTHOfi cipyicrypfci y thiihhhlix ra30TepMBraecKHX MeroflOB. IfoyroMy 
1 20 Hcnojib30BaHHe nnraca Morao aan> nojio«HTejn>HHH pe3yjn»TaT. Qzmaieo b jih- 
xepaType Ha momcht co3flami* jjaiffloro H3o6pereHH* orcyrcTBOBana jcaKaa- 
jm6o HH(J)OpMai^w o tom, cnocx>6cTByer jih npHcyrcTBHe HHHKa b HanwjiHe- 
mom ra3dAHHaMHqecKHMH MeroaaMH noponncoBOM MarepHane yMeHBmeHmo 
ra3onpoHHHaeMOcrn noKpbrraH h Kanoe KOJnraecTBO mnnca aojdkho npHcyr- 
125 cfBOBatb b noponncoBOM MaTepnane ajw ooecneneHHa xopomen repMenrrao- 
cra noKpHTHH h bmcokoh npewHOCTO ero CHeimeHHH c noflJKHKKOH. 

Tohho TaKSKe 6BUia HeH3Becraa HH(}>opMaHHH h oS oimnvianBHOM «aa- 
na30He TeMneparyp narpeBa cacaroro ra3a, kotopmm ycieopaiOTca Hacmubi 
noponnca. Hcxoah ro -roro, ^to c noBwnieHHeM TeMneparypM rnmcm^mocTb 
130 HHHKa yBerarqHBaercH (iro «oji>kho cnocoocTBOBarB nojiyiemno 6cmee Tec- 
hhx rpaimn; Me»my HacnmaMH b hokphthh), TeMneparypy ra3a cjieflOBano 
6bi noBBnnan». TeM He MeHee, cywecrayroinHH onuf (nareHT PO Xs 2062820, 
kji: C 23 C 24/04, saHBJi. 20:05.94, ony6ji. 27.06.96, EH 18) noKastiBan, *rro 
npn Hcnojn»30BaHHH noponncoBOM cMecn, coAepacameH hhhk, npn xeMnepa- 
135 type rasa 1 400°Oh Btnne npoHcxoflHT HmeHCHBHoe Hajranaime nopomKa Ha 
CTemcH conna. 

TaKHM o6pa30M, 3apaHee 6uno Hen3Becrao h HeoqeBHflHO, b Kaicon 
creneHH npHcyrcTBHe DHmca b hokpbithh oyaer cnoco6cTBOBan. yMeHbme- 
hhk) ero ra3onpoHHnaeMOCTH, KaKoe KomaraecTBO HHHKa b noponncoBOM Mare- 
140 pnane h KaKaa leMneparypa noflorpeBa paGonero ra3a x&jvootck onTHMara,- 
HbiMH juix nojryHeHHa repMenraH&ix hokphthh c hh3koh ra3onpoHenaeMQ- 

CTbK) H BBICOKOH npOTHOCTMO CneiUieHHJI C HOAJKHKKOH (OCHOBOH). 
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^jih nojiyqeHHa otbctob Ha stfl BonpocBi 6mra npoBejjeHH cnemiajiB- 
HBie HccneflOBaHHH. Eblho, b HaciHocTH, o6Hapy»eHO, hto repMera*mocTB 
145 noKpHiHfi nmra> b He6ojiBinoH creneHH 33bhcht ot nopHCTOcra noicpBiraiL 

IIpH HH3KHX 3HaHeHEWX HOpHCTOCTH, THDHHHWX JlflSL raSOJ^EHdMBHCCKHX HO- 

KpBiTHEL, 6ojiee Bamryio pojtb mpaeT cnpyKrypa rparam (cmionmpCTb) Meamy 
OTAejcbHMMH HacumaMH, ^opMHpyiomHMH noKpHTHe. JSjm nojiy^eHHfl no- 
KpMTHH C HH3KOH iraonpoHmjaeMOCTBio Heo6xoj^0MO o6ccneHHTL HJIOTHOe 
150 npHMBncaime Hacrraij; jtpyr k flpyry, Han6ojiee nonHoe 3anojraeHHe scex mhk- 
po3a3opoB (npaKTOTeciaa He Bmraromjix Ha nopHcrocrB) Ha rpanmjax Me^yiy 

HaCTHHaMH. 

OKa3anocB, ^rro #o6aBJieime b HanKtraeMBiH noponncoBBm MaTepnaji 
PHHKOBoro noponnca 3Ha*raTejiBHO yMeHBmaeT ra3onpoHHu;aeMOCTB noKpBi- 
155 thh. Ilpn 6hjio o6Hapy^ceHO, hto ysejuraeHHe TCMnepaTypw cacaroro B03#yxa 
Taic»ce cnoco6cTByeT yMeHBmemno ra3onpOHHn;aeMocTH noKptrrag. 

B pe3yjn>Tarre nposefleHHBix HCCJieflOBamiii 6buio o6napy«eHO, vqTO 
npHcyrcTBHe nmnca b HanBuraeMOM noponocoBOM MaTepnajie nps KOjmnecTBe 
MeHee 20% or oSmefi Maccn MeTanjniqecKoro noponnca oGecne^HBaer jimnB 
160 He3Harorejn>Hoe yMeHBmeirae ra3onpoHBonaeMOCTH. UpH co^cp^KaHHH cfHHKa 
6ojiee 60% HaHHnaaeT 3HaHHTCJiBHO yMeHBinaTBC>i npoHHOCTB ci^iuichhh no- 
Kptrraa c ochoboh. 3to oGycjiOBJieHO tcm, qro npo*mx paBHbiXoycjiOBHax 
ihcto ujmkOBBie noicpBrras o6jiaAaK>T Mem>meH hpohhoctbio cu;eiuieHHH c 

nOAJIO^CKOH, HCM, B ^aCTHOCTH, HHCTO ajnOMHHHCBBIC . 

165 npH HanBijicHHH noKpMTHH B03/jyx nepeji noAanen b CBepx?ByKOBoe 

conno npeflBapHTeJiBHO noAorpeBaior; ysejiOTHBaa tcm caMBEM Teivmepaiypy 
CBepx3ByKOBoro B03flynmoro noTOKa, KoropBiM nopomoK ycicopjnoT b CBepx- 

3ByKOBOM COlIJie. IlpH 3TOM, B 3aBHCHMOCTH OT TOTO, B KaKyiO HaCTb COHJia 

bboottc* nopomoK (b £03ByKOByio hjih CBepx3ByKOByK>), xeMnepaTypy no- 
170 Aorpesa B03^yxa BBi6npaioT Tan, hto6bi nacniHH njnnca, 3c|>4)eKiHBHO ycico- 
pKHCB b coiuie, oflHOBpeMeHHO pa3orpeBajmcB hotokom B03jayxa h yBejnpm- 
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B3JIH CBOIO nJiaCTTMHOCTb. 3KCnepHMeHTH nOKa3aJIH, WTO OnTHMaJIBHblMH 

TeMnepaTypaMH, flo kotopmx Heo6xoAHMO pa3orpeTb cxothh B03«yx nepea 
noflaneH ero b CBepx3ByKOBoe coiijio, «bjihk>tc» 400-700°C. Toraa npn co- 

175 yaapeHHH c npeABiflyinHM cnoeM noKpwraa HacTHHBi manca, pa3orpen>ie h 
o6naaaiomHe bbicokoh ckopoctmo h njiacupmocrwo, cpopMHpyioT 6ojiee 06- 
nnrpHbie iraraa KOHTaicra c ApyraMH nacnmaMH, jierne 3anojnMooT Bee mhk- 
poyrjiySjiemw Ha noBepxHocrra npefl&mymero cjio* noKpBiTHa h Mmqpo3a30- 
pbi Meac^y paHee 3aKpenHBmHMHcH HacnmaMH. 

180 IIpH 6ojiee hh3koh TeMneparype noaorpeBa B03flyxa 'qacrarpj UHHKa He 

ycneBaiOT pa3orperBC« b corme h ocraiOTCJi b MaJioiuiacraHHOM coctohhhh. 
npH coyaapeHHH TaKHX lac-ran c noKptrnieM (npeflHffynmM cjioeM Hacran), 
Ha rpammax Meayry lacnmaivm ocraioTCH MHKpo3a3opbi h He o6pa3yeTC« 

flOCTaTOTHO CHJIOfflHOH H IUIOTHOH CTpyKTypBI ipaHHH MeHyry HaCTHD.aMH B 
185 nOKpHTHH. IIpHWeM HaJHTHHe HJTH OTCyTCTBHe HOfl06HOH CTpyKiypH rpaHHH 

npaKTHHecKH He Bjmaex Ha nopHCTOcn. hokphthh. KpoMe xoro, npn yMem,- 
meHHH TeMneparypH noAorpeBa B03ffyxa yMeHBraaerca cKopocn. B03AymHO- 
ro noTOKa, a cneflOBarejiBHO, h ckopoctb qacrau noponnca, hto Be.neT k chh- 
3KeHHK> BepoaTHOCTH 3aKpemieHHH macron Ha noAJidxaee h, t3khm o6pa30M, k 
190 noBKnneHHOMy pacxoay nopomKOBoro MarepHana, yBenHHemno BpeMeHH Ha- 
HeceHHH noKpuraa h yMeHLinenmo npoH3BOjcnnejn>HocTH nponecca. 

IIpH 6onee bbicokoh TeMneparype noaorpeBa B03flyxa Ha noBepxHOcrn 
noA^o>KKH HanHHaiOT 3aKpeiuiaTBca h Te nacrcmbi Merajuia, KoropBie b npo- 
uecce yaapa no pa3HKM npHHHHaM AecpopMHpoBaiiHCB cjia6o. IIpH 6onee hh3- 
195 koh TeMneparype ohh He 3aKperuiajmcb Ha noBepxHOcra, a yjieTajiH, hjih jier- 
ko c6HBajracB c noBepxHOcra ApyrHMH qacTHnaMH. B cjiyqae 3aKpenjieHna 
TaKHX nacTHH Ha noBepxHOcra nofljioaocH yMeHtmaerca hpohhoctb cneruie- 
hhh aroro noKpBiniH c noAJioxocoH. KpOMe Toro, npH Hpe3MepHOM noBBrme- 
hhh TeMneparypBi noaorpeBa B03«yxa nHHKOBBie ^acraujj Moryr pa3Msr- 

200 HaTBCfl HaCTOJIBKO, HTO CHJIbHO yBeUHHHTCH BepOJITHOCTB HaJIHnaHHH 3THX 
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^acrau; Ha BHyrpeHHHe ctchkh coiuia, HecMoipn Ha npHcyrcrBHe b noponiKe 
KepaMBraecKHX nacTrai. 

KepaMH^ecKHe nacrmuj npH B3aHMO#eHCTBHH c noflJioaocoH onnmaiOT 
1 ee ot 3arpK3HeHHH h co3#aiOT pa3BHn>iH MHKpopeji&e<J> noBepxHOcra, hto 
205 o6ecne*mBaer yBejnraeHHe npo^mocra citenjieiraa noKpfcrraa c hoajioskkoh. 
KpoMe Toro, 3th Hacrraw yjjapjnoT no 3aKpemramHMCfl MeTajuranecKHM *iac- 

THI^aM H, BCJieACTBHe BMCOKOH TBepAOCTH KCpaMHKH, flOHOJIHHTCJIBHO HX JS&- 

4)opMHpyiOT h npeccyior, yMeH&maa nopHcrocrb noKptrraa h yBejnraHBaa 
HJiomaffB rpamm KOHTaiaa Meayiy nacnmaMH b noiq^urraH. Oiem* bs^hmm 

210 JIRJDieTCa H TO, WTO HaCTHIW KepaMHKH B IipOIjeCCe OTH^CeHHH B COIUie OHH- 

maiOT ctchkh coroia ot HajmnaiomHX Ha hhx nacrem Merajuia, 3to no3BOjm- 
jio cymecTBeHHO yBCJiHHHBan> TeMneparypy pa6o*rero ra3a, He onacaacb.Ha- 
jmnaHroi Hacnm Ha ctchkh coiuia. 

IIpHMepH KOHKperaoro Hcnojn>30BaHHH npHBeaeHM b Ta6jiHne, b koto- 
215 pofi mix cpaBHCHHS noKa3aHM ycpe;pjeHHMe H3MepeHHH pa3jnraHbix xapaicre- 

pHCTHK HOKpHTHH, HOJiyHCHHBIX 3aABJIflCMHM CnOCOGOM, IIpH HaEDblJieHHH HO- 

ponocoB HMeiomnx paanH^Ettifi cocrraB. IIoKpLrnra HaHoemmcb c noMonu>to 
ycTponcTBa fljw i^oOTHaMH^ecKoro HaHecemw hoi^bithh, o6ecneHHBaionie- 
ro HarpeB cxaroro B03«yxa, noffa^y ero b CBepxasyKosoe conno, BBeAenne b 

220 csepx3ByKOBOH hotok h ycKopeBoae sthm hotokom noponncoBoro Marepnajia. 
CoAepacaHHe MerajuiOB npHBe#eHO b npoueirrax or o6wero seca Merajunrae- 
CKoro nopoimca b nopomKOBOM Marepnajie. CojjepaeaHHe KepaMH^ecKoro Ma- 
Tepnana (oKCH^a ajnoMKHHa) Be3#e cocrasjrajio 30% ot o6mero Beca nopom- 
KOBoro MaTCpaajia. ra3onpoHBD5aeMO<rn> H3MepajiacB Ha oahhbkobmx o6pa3- 

225 ctax npn TomnHHe noKpHTHH okojio 0,5 mm h nepenaae aaBJieHna 20 am. 
npoHHocTb cixenneHHfl hokphthh c noflnoaaeoH (a#re3Ha) H3Mepajiacb nrra^)- 

TOBBIM MeTOAOM. 
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H3 Ta6jIHE(M BHflHO, HTO HaHJiyHIIIHH pe3yjIBTaT flOCTHraeTC» UpH co- 

AepacaHHH itmnca b noponncoBOM MarepHajie b KoinraecTBe 20-60% ot seca 
^eTajum^ecKoro noponiKa h npn npeABapirrejiBHOM noAorpeBe cmaToro bo3- 
235 ;xyxa ao TeMneparypw 400-700°C. 

npHBefleHHBie Btime npHMepbi KOKKpereoro Hcnojn>30BaHira noKa3ajm, 
hto npH peajnoanHH cnoco6a nojiynaiOTca noKpBiTFDi, o6jiaflaiomHe hh3koh 
ra3onpOHHD;aeMOCTBio h xopoinefi npoHHOcrwo cueiuiemw c noAnoEocoii. 

JSjm nojiyqeHHH KanecTBeHHbix noKpbiTHH nenecoo6pa3HO ncriojib3o- 
240 Ban> b KanecTBe KepaMiraecKoro MarepHajia nopomoK KepaMmaa c ^acTHiiaMH 
pa3MepOM 5-50 mkm. Ecjih pa3Mep nacnm KepaMHKH b noponnce MeuBme 

OKOJIO 5 MKM, TO OHH 6MCTpO TOpM033TCfl B 3aT0pM05KCHH0M CJIOe B03«yxa 

nepeA noAJioacKOH. HMe* HH3KyK> CKOpocrt coyAapemia c noAnoHocoii, Taiaae 
nacTHUBi nnoxo onmiiaiOT noBepxHOCTb noAnoaKKH h cjia6o yiuiOTHHiOT no- 
245 KpBniM, TIpH pa3Mepe nacTEm 6ojiee okojio 50 mkm -a^eier npcrraBonojjoxc- 

HBIH. TaKHe HaCTHIXbl npOH3B O A^T CJHUHKOM 6ojH>inOH 3p03HOHHMH 3(j)(})eKT > 

He TOJibKO ymiOTELaiOT 4>opMnpyeMoe noKpBrrae, ho h cpe3aK)T 6ojn>myio ero 
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*iacn». 3to b arore npHBOflarr k CHHaceHmo 3^)4 )eKTHBHOCTH npouecca Hanbi- 
jieHiw b nenoM. 

250 B Ka^ecxBe KepaMiraecKoro MarepHana y,zio6HO ncnojiB30BaTB Kap6H# 

KpeMHHH HJIH CM6CB Kap6H#a KpeMHHfl C OKCHAOM aJUOMHHHH. Kap6Hfl KpeM- 

hhh aBJiaerca 6onee aoporHM. O,zmaK0 npn blicokockopocthbix coyaapeHHax 

C nOflJIOJKKOH HaCTHUtH nOpOIHKa Kap6nm KpeMHHH CBeTHTCH, AaBafl, TaKHM 
o6pa30M, bo3M02khoctb Ha6jno^aTb IBTTHO HanBUieHHfl. Ilpn BMnOJIHeHHH 
255 pa3JiEram>Tx pa6oT (HanpHMep, peMOHTHbix) Tanaa BH3yajiH3auHa aBjiaerca 
otohb yno6HOH. 

Cnoco6 OTjfflqaercH npocTOTOH, aeraeBH3HOH, ero mo^cho Hcnojn>30- 
Ban> ajm peMoma pa3jraqm>ix wsppmm, HanpHMep, AerajieH aBTOMo6Hjiefi, b 

qaCTHOCTH aBTOM06HJIBHbIX KOHffHHHOHepOB. 
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cDOPMYJTA H30BPETEHHH 



1 . Cnoco6 nojiyqemia hokplitkh, BKjnonaioiixHH ycicopeHHe b csepx- 
gByKOBOM coiuie hotokom npe^BapHTejibHo Harpexoro B03flyxa h HaHecemie Ha 

5 noBepXHOCTb H3#ejnra nopomKOBoro MaTepkajia, coAep^camero MexaHnnecKyio 
cMecB KepaMjanecKoro h MerajumHecKoro noponncoB, orjnrqaion^KDacH tcm 3 hto 
b KanecxBe MeTajuimecKoro noponnca Hcnojn>3yK>T cmccb noponncoB, no Kpafi- 
Hea Mepe, ppyx MerajuiOB, oahh H3 kotopmx nopomoK mimca b kojihhcctbc 20- 
60% ot o6ri*ero Beca MerajunraecKoro noponnca, npn stom B03/jyx npejtBapn- 

10 tcjibho HarpeBaKrr #o TeMneparypLi 400 — 700°C 

2. Cnoco6 no n.l, (yinwmtomjmcz tcm, i rro b KaneciBe noponnca 
jgpyroro Mcrajuia Hcnojn>3yiOT nopomoK ajnoMHHHa. 

3. Cnoco6 no n.l, ormnzuoiaja&cx tcm, wro b KanecxBe noponnca 
Apyroro Merajuia HcnojiB3yiOT nopomoK mc/xh. 

is 4. CnocoG no n.l, OTjnraaionpmca tcm, *iro b Ka^ecrse noponnca 

Apyroro MeTamia HcnojiB3yiOT MexamraecKyio cmccb noponncoB mqjw h ajno- 

MHHHH. 

5. Cnoco6 non.l, OTjraHaromHfica TeM, hto ncnojiB3yeTCH KepaMOTe- 
CKtffl nopomoK c pa3MepoM nacrem 5-50 mkm. 
20 6. Cnoco6 no n. 1 , OTjranaiODXHHCH tcm, hto b Ka^recTBe KepaMirae- 

CKoro noponnca Hcnojib3yiOT okcha amoMHHra. 

7 . Cnoco6 no n. 1 , OTJiBraaromjiHC^ tcm, wro b KanecTBe KepaMErae- 
CKoro noponnca ncnojn>3yK)T Kap6iw KpCMmm. 

8. Cnoco6 no n. 1 , <yrnma$omjmcK tcm, hto b Ka^ecrse KepaMnne- 

25 CKoro noponnca HcnojrayiOT MexamaraecKyio cmccb noponncoB OKcn#a ajnoMH- 

.■ * 

HUH H Kap6*ma KpCMHHfl. 
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(54) Title; COATING METHOD 

(54) H*3B»HHe Hjo6p«TCHH«: 

(57) Abstract: The method is intended for applying metallic or metal-ceramic coatings to a product surface, particularly during 
the manufacture and repair of pressurised articles and products which require increased corrosion resistance, heat resistance and ; 
other qualities. The method comprises preliminary heating of compressed air to a temperature of from 400 to 700°C, forming a 
high-velocity air flow in a supersonic nozzle, accelarating by this flow and applying to a product surface a powder material 
which is a mechanical mixture of at least two metals, one of which is zinc powder in an amount of from 20 to 60 % of the metal 
powder total weight The presence of zinc in the powder material and heating of compressed air up to said temperature assure 
high-efficient production of coatings having low gas-permeability and high coating-to-substrate bond strength. (8 Claims). 
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Ony&imeoBaifa 

C omuemoM o MeotcdynapodnoM noucKe. TIpcAUAytuuft HcnpaBJieHim: 

Cm. BiojiiiercHb PCT >fe 30/2003 ot 24 wojw 2003, Paaae/i 
(48) Jtynra ny&nmeamiH macros mero HcnpaeJieHHoro ua- H 
pHflHTa: 2 1 asrycra 2003 

£ omHoiuenuu deyxSyKeennbix Kodoe, tcodoe juuKoe u dpyeux 
(15) HH^MipMauHfl 06 HcnpaBJieMHM: coxpau^enuu cm. «I1aHCHeHux k ko6om u coKpauieHUfu*», ny&nu- 

Cm. BiojincTeHb PCT Xs 34/2003 or 21 asrycra 2003, PaojieJi KyeMbte e Honane Kcutcdoeo onepedtioeo etanycxa Etojinemenx PCT. 
i\ 



(57)p«kp«t: Cnoco6 npeflHa3HaHeH iwa nojiy^eHHa MerajinmecKHx noicpwTMH Ha no- 
BepxHOCTH H3^ejiMH, b HacTHOCTH npH H3roTOBJieHHH h peMOHTe H3^ejiHfi, Tpe- 
6yiomMx repMenfHHOCTH, noBbiiueHHOH Koppo3HOHHOH ctohkocth, »capocix>H 
kocth h jotpyrHX KanecTB. Cnoco6 BKjnoHaeT b ce6a npeoBapHTejibiniH HarpeB 
caca-roro B03flyxa no TeMneparypbi 400 - 700°C, <J>opMHpoBaHHe b cBepx3Byico- 

BOM COime BBICOKOCKOpCKTHOrO B03AyiUHOrO nOTOKa, yCKOpeHHe 3THM nOTOKOM 

h HaHeceHHe Ha noBepxHOCTb h3acjihji nopoimcoBoro MarepHajia, npeacTaB- 
jDnomero co6oh MexaratqecKyio CMecb KepaMHMecKoro MeTajumHecKoro no- 
pouiKOB, npHHeM b KanecTBe MeTanjiHHecKoro noponiKa Hcnojn>3yioT CMecb no- 
POiukob, no Kpaimefi Mepe, jnjyx MerajuiOB, ojum H3 kotopmx nbpoinoK mtHfca 
b KOJinqecTBe 20-60% ot o6mero Beca MerajuiMHecKoro noponnca HammHe b 
nopoiiiKOBOM MaTepuajie mimca h HarpeB cacaroro B03flyxa ao yKa3annoH tcm- 
nepaTypw o6ecneHHBaiOT nojiyneHHe c bmcokoh npoH3BO«BTejn>HocTbk) no- 
KpbrrHH, o6jiajiaioumx hh3koh ra3onpoHHuaeMOcrwo h bmcokoh npoqHocn>io 
cuemieHH^ c noanoaacoH. 8 n.<}). 



